Introduction
Combustion depends on processes occurring in both condensed and gas phases. These processes strongly depend on the decomposition reactions occurring in the condensed phase and kinetic analysis permits to model the overall decomposition of a material taken into account multi-step processes (if any). Note that those steps can be independent, parallel, competitive or consecutive. This approach provides the decomposition pathway of the material studied. This work is devoted to the thermal decomposition of a carbon fibre/epoxy laminate. Some papers deal with this topic [1, 2] , but they are not enough comprehensive to achieve a good assessment on the mechanism of degradation of complex carbon fibre reinforced polymer laminate such as T700 carbon fibre reinforced M21 epoxy resin composite used as structural aircraft material. One of the particularity of this material is linked to its complex formulation that includes an epoxy resin composed of three types of epoxy, one hardener and blended with two thermoplastic polymer ( Table 1) .
It was demonstrated that the thermal degradation of an epoxy resin is different from one system to another and generalisation is difficult. The thermal decomposition of a carbon fibre reinforced epoxy based polymer depends on the chemical nature of the hardener, the epoxy monomer and, the type and content of fibres used [1] [2] [3] [4] [5] [6] [7] [8] . Moreover, carbon fibre can contain powders or coatings acting as a binder coating [9] in order to promote adhesion between plies during laminate manufacturing process. Today, there is insufficient information on the T700/M21 composite in the literature but methods exists to characterise the decomposition mechanism of material.
Thermogravimetric (TG) measurements coupled with gas analysers is a powerful technique to characterise the thermal decomposition of materials. These gas analysers such as Fourier transformed infrared spectroscopy (FTIR) or mass spectroscopy (MS) techniques permit to analyse the gases evolved during the thermal decomposition of materials. It gives information on the decomposition pathway of the material. Those techniques were applied in the literature by Ahamad [10] who investigated the thermal decomposition of a diglycidyl ether bisphenol-A (DGEBA) epoxy including thermoplastic phenol formaldehyde resin blends (as it is the case for M21 resin − Table 1 ). They show that the main gases identified are aliphatic chain ends produce methane, ethylene, propylene, allyl alcohol, acetone and acetaldehyde. The aromatic segments of the polymer also produce phenol, benzene, toluene, ortho-and para-cresols and phenols. In this study, a comparison between TG curves under an inert and an oxidative atmosphere was performed. They identified how and at which temperature the chemical reactions such as thermo-oxidation of the resin occurs. Finally, they proposed a main mechanism of decomposition.
Furthermore, methodologies to characterise the thermal decomposition of materials permit to determine the main kinetic parameter of decomposition namely "activation energy". This corresponds to the minimum energy necessary to start a chemical reaction. This parameter depends on the state of decomposition, the pressure and the temperature. Since 1960s, considerable progress was made in the development of mathematical techniques to get appropriate kinetic models [11] [12] [13] [14] [15] [16] [17] . Depending on the number of decomposition step and on the study (thermomechanical model [18] , lightning strike [19] , fire behaviour [2, 20] ), single-step or multiple-step kinetic models were used and has to be more or less precise. In general, decomposition models of the carbon fibre/epoxy composite are reported in the literature but in most cases, the objectives of the authors were to obtain the best fit between experimental and numerical weight loss curve as explained in previous paper [21] . They do not discuss the physical meaning of the parameters and hence, it is not enough if the purpose is to build a real comprehensive model [2, 3, 21] . New approaches are necessary today to make it possible.
The objective of this paper is therefore studied the mechanism and kinetic of decomposition of T700/M21. The resulting parameters are used as input data for fire modelling (see in [20] ). This work started with an understanding of T700/M21 behaviour when exposed to fire [22] . Then, a three-dimensional model was developed and presented [20] with all input data necessary for the model determined [23] . As kinetic parameters are sensitive parameters, they must accurate and reliable: they are absolutely needed to obtain a suitable fire modelling. Kinetic analysis is presented and fully explained here. Therefore, the first part examine the thermal decomposition of the T700/M21 material to determine its decomposition pathway. Then, the second part is devoted to the kinetic analysis of T700/M21 to determine kinetic parameters and to propose a comprehensive decomposition model.
Methods

Materials
T700/M21 carbon fibre epoxy composite was supplied by Airbus. This composite was manufactured using unidirectional prepregs with an isotropic stacking ([0/45/90/135]s). The features of the material are summarised in Table 1 (details are elsewhere [22] ). The M21 resin is a complex formulation containing three types of epoxy resin (diGlycidyl ether bisphenol F − DGEBF, triglycidylether meta-aminophenol − T-GMAP and para-glycidyl amine), one hardener (4,4′ − diaminodiphenyl sulfone − DDS) and thermoplastic blends (polyether sulfone − PES and polyamide − PA6/PA12) [24, 25] . Table 1 presents the components of M21 epoxy resin formulation, which are partially unknown.
Thermogravimetric analysis
Thermogravimetric analysis were carried out on TA Instruments (TA Q5000 and TA Q600). The balance purge flow was set to 15 mL/min and the sample purge flow (nitrogen) to 50 mL/min. Thin square samples put in open alumina pan underwent a heating from 35 to 1100°C (Q5000)/1500°C (Q600) with a heating rate of 5, 10, 20, 50 and 100°C/min.
Gas phase analysis
To characterise the gases released during decomposition of T700/ M21, a Fourier Transform InfraRed (FTIR) spectrometer was used (Nicolet iS10 from Thermo ScientificTM). This FTIR spectrometer was coupled with the TG device (Q5000 described previously). The gases released from the material inside the TG device go through a heated transfer line up to the FTIR spectrometer. The transfer line temperature is fixed at 225°C to avoid the condensation of gases. The infrared spectra have been recorded with the OMNIC software. An infrared spectrum is collected every 8 s during all the experiment in the range of wavenumber: 4000 − 800 cm −1 . The number of scan is fixed at 8 and the resolution at 4 cm −1 , in order to have a good compromise between the accuracy of the infrared spectra (sufficient signal to noise ratio) and the frequency of collection (one per minute).
Kinetic analysis
To determine kinetic parameters, numerical models, namely "decomposition kinetic models", were developed using a least-squares fitting procedure based on TG and/or DTG curves [26] . To identify a kinetic decomposition model, TG measurements at various heating rates are performed [26, 27] . The analyses of the decomposition mechanism permit to give a physical sense to the kinetic analysis. From a technical point of view, a kinetic analysis is also a tool for data reduction. From a series of measurements with many data points, a model with few parameters is extracted. Then, these parameters will be used for predictions of reaction progress for given temperature conditions. The predictions can be done for one or several measurements like heating. Depending on the studied material, the decomposition can be highly complex. The complex decomposition has to be first understood before formulating exact analytical expressions. Empirical homogeneous kinetic expressions are used to model the decomposition mechanisms. The thermal decomposition is not reversible and is described by a classical reaction rate (Equ. 1) following an Arrhenius equation:
where T is the temperature, R is the universal gas constant, α is the decomposition degree of the material, f(α) is a reaction conversion function, A is the pre-exponential factor and E a is the apparent energy of activation. Different functions, f, exist and correspond to a physical phenomenon. Bourbigot et al. [28] proposed four classes of function: (i) all diffusion kinetic functions, (ii) the phase boundary reaction and reaction order kinetic functions, (iii) the nucleation and nucleus growing kinetic functions and the power law nuclear growth functions. The most used function is based on reaction n th order kinetics following
where n is the reaction order. The Thermokinetics3 software (NETZSCH, Selb, Germany) was used to calculate kinetic parameters. This software includes the two different approaches namely model-free and model based kinetic analysis [11] [12] [13] [14] [15] [16] [17] 29] . A method proposed by Moukhina [30] to obtain kinetic parameters is followed here. To summarise, this method consists in creating a kinetic model step by step permitting to select the best model. First, a model-free analysis is performed by using Friedman procedure on thermogravimetric data [14] . It permits to plot the activation energy as a function of the degree of conversion (decomposition) degree, which exhibits one or more reaction steps. If the calculated activation energy is constant as a function of decomposition degree, only one reaction occurs and described by only on kinetic equation [14] [15] [16] [17] [18] [19] [20] [21] (Equ.1). If not, multi-step reactions have to be considered and the reaction rate of each step can be described by an own kinetic equation for this step. In that case, the kinetic model could include independent reactions, consecutive reactions, competitive reactions or a combination of these different reaction types.
Results and discussion
Using TG-FTIR, the decomposition gases can be identified and the mechanism of decomposition should be elucidated. Our approach is to measure the mass loss of the composite as a function of the temperature under different atmospheres (nitrogen and air) to examine the potential oxidising effect on the decomposition pathway of the composite. Different heating rates are also used to perform the kinetic analysis.
Thermal decomposition
TG measurements on T700/M21 under nitrogen and under air atmospheres performed at 20°C/min up to 1500°C are reported on Fig. 1 . TG and differential thermogravimetric (DTG) curves are superimposed to make easier the analysis of the curves.
In inert conditions, only one main peak on the DTG curve is observed corresponding to an apparent step of decomposition. TG curve reaches a plateau at an average mass loss of 26 wt%. Visual observation in the TG pan after the experiment shows that a thermally stable carbonaceous residue was formed. This main step of decomposition is assigned to the decomposition of the resin (M21). Indeed, the T700 carbon fibre has a very small mass loss of 0.8% under nitrogen over the temperature range of 300 − 500°C (20°C/min) [31] . According to these authors, this mass loss was attributed to the decomposition of an organic-based sizing compound on the carbon fibre in that range of temperature.
If no interaction between the resin and the carbon fibres are assumed, only the resin can be decomposed. The total weight content of resin is 35 wt% while a 26 wt% weight loss is measured. As a consequence, the formation of carbonaceous residue (small black particles observed in the pan) is assumed. Similar results were found but no explanation was given in the case of M18-1 (27 wt% mass loss whereas the composite is composed of 35 wt% resin [6] ). Thus, the decomposition of T700/M21 under nitrogen atmosphere leads to a release of gases and to the formation of 9 wt% of carbonaceous residue due to the carbonisation of resin. Based on Table 1 , it makes sense that the remaining residue is mainly due to: (i) the high amount of char of PES material contained at 10 − 20 wt% in M21 (40 wt% of carbonaceous residue under nitrogen atmosphere [32] ); (ii) to the decomposition of the uncrosslinked DDS (40 wt% remaining char at 800°C under nitrogen atmosphere [33] ) and; (iii) to the three epoxy resins [1] . On the contrary, the PA6 is a lower charring material [34] which should not therefore contribute significantly to the formation of the carbonaceous residue. Additional TG measurements on PES and PA6 were done under nitrogen and air atmosphere at 20°C/min. TG and DTG curves were compared to T700/M21 curves on Fig. 2 . Under nitrogen atmosphere (Fig. 2a-c) ), PA6 does not show any residue after 500°C and the decomposition of PES occurs in only one-step and at higher temperature than T700/M21 (60 wt% weight loss at 800°C). Li et al. reported that the decomposition of the epoxy resin under nitrogen atmosphere modified the decomposition of PES when is bended in epoxy/carbon fibre composite [35] . PES blend degraded at the same temperature as the epoxy resin. The effect is the formation of stable carbonaceous residues covering the carbon fibres after the main decomposition step of composite. Therefore, those data permit to conclude that the residue formed from the decomposition of T700/M21 comes from the decomposition of uncrosslinked DDS, PES and epoxies. The stable residue of T700/M21 is thus composed of non-degraded T700 fibre and, of 9 wt% of carbonaceous residue.
Under oxidative atmosphere on Fig. 1b-d) , the T700/M21 material totally degrades at high temperature (100% weight loss at 1170°C). The decomposition of the material occurs in three apparent steps: decomposition of M21 into a carbonaceous residue (1 st peak), thermooxidation of the intermediate transient carbonaceous residue (2nd peak), and thermo-oxidation of the T700 fibre (3rd peak). To support these comments, additional TG/DTG curves on PES, PA6 and T700 fibre are compared to the TG/DTG results of T700/M21 under air atmosphere at 20°C/min on Fig. 2c-d) . It clearly shows that the decomposition of PES and PA6 were characterised by two successive steps with a second step associated to the char oxidation. This char was totally decomposed after 650°C for PA6 and 800°C for PES (confirmed by previous studies [36, 37] ). Moreover, PA6 seems to degrade during the two first steps of T700/M21 decomposition. For PES, it is assumed chemical interactions between the system carbon fibre/epoxy and PES [2] .
blends during the decomposition of material. As demonstrated by Li et al. [35] , the decomposition of the epoxy resin under air atmosphere modified the decomposition of PES when is bended in epoxy/carbon fibre composite. Therefore, PES seems to decompose during the two first steps of T700/M21 decomposition. About the decomposition of T700 fibres, Feih et al. [31] observed that the T700 fibre oxidises over the temperature range of 700-1000°C which clearly corresponds to the third peak of the weight loss rate observed on Fig. 2d) .
The comparison of the TG curves under air and nitrogen atmospheres shows that the oxygen does not influence the decomposition of the resin up to 400°C ( Fig. 1 & 2) . The oxygen plays a role in the formation of the transient carbonaceous residue between 400 and 500°C (plateau observed on the TG curve under air at 18 wt% weight loss compared to 24 wt% weight loss under nitrogen atmosphere which is oxidised in the temperature range of 500-700°C. Oxygen also plays a role in the decomposition of the carbon fibre in the temperature range 700-1200°C. In addition, the superposition of both DTG curves shows a common first step of decomposition from 250°C to 500°C assigned to the decomposition of M21. Therefore, the decompositions under inert and oxidative atmosphere show respectively one and three apparent steps of decomposition. To go further in the analysis of the decomposition of T700/M21, a gas analysis was carried out to identify the main reactions occurring during the decomposition of the composite.
Gas phase analysis
TG-FTIR permits to characterise the gases released when the material degrades. Fig. 3 shows the main gases released during the decomposition of T700/M21 carried out under nitrogen. Different characteristic temperatures were selected (400°C, 600°C and 900°C) corresponding to local maximum of peaks of decomposition observed on DTG curves. The spectra collected at these temperatures are compared and reference spectra are also added on Fig. 3 .
In inert atmosphere, water (H 2 O: 450-600 cm 3 . Spectra collected at 400, 600 and 900°C of the degradation products of T700/M21 released during TGA (20°C/min − nitrogen) and of the PA6 (400°C).
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2300-2400 cm −1 ; 625-725 cm At 400°C, only traces of CO 2 , CO and NH 3 were found, and the main gases identified are H 2 O, the degradation products of PA6, phenol, CH 4 , COS and SO 2 . The traces of CO 2 , CO and NH 3 , and the band ε-caprolactam are attributed to the decomposition of PA6 under nitrogen [37] . The COS, phenol and the SO 2 can be released by the decomposition of DDS and/or of PES. According to Rose [38] , the decomposition of a TGMDA/DDS at a temperature higher than 310°C lead to the formation of SO 2 through a dehydrogenation reaction. Buch [33] also confirmed that the decomposition of DDS leads to the release of SO 2 and aniline. In our case, the characteristic peak of aniline seems to be hidden by the peaks of phenol. On the other hand, Zhang [39] shows that the major decomposition gases from PES are phenol, SO 2 , CO 2 , CO and a series of aromatic ethers. In addition, the decomposition of a DGEBA/novolac blend (ENB) was studied by Ahamad [10] and the author detected H 2 O, CO 2 , aliphatic and aromatic hydrocarbons (including CH 4 ), and of little amount of phenol, of formaldehyde and of CO. At 600°C, similar peaks are identified compared to the spectrum at 400°C without the presence of H 2 O, CO 2 and COS. These decomposition gases can be attributed to the gases evolved during the decomposition of the epoxy and/or DDS, PA6 and PES. At 900°C, mainly CO is identified but the signal to noise ratio is of the spectrum is too poor to make further comments. The main gases released from the decomposition of T701/M21 identified under nitrogen atmosphere are thus consistent with the results reported in the literature. Fig. 4 compares the FTIR spectra of the gases collected at the previously defined characteristic temperature when the decomposition is carried out under nitrogen and under air. In oxidative atmosphere, at 400°C, the peaks corresponding to CO 2 , CO, COS and SO 2 are mainly identified as well as some traces of H 2 O, ε-caprolactam and CH 4 . At 600°C and 900°C, mainly CO and CO 2 are released under thermooxidative atmosphere which evidenced the thermos-oxidative decomposition of the intermediate carbonaceous residue and of the fibre. The release of CO and CO 2 confirms that this carbonaceous residue as well as the T700 fibre oxidise during the second and the last step of decomposition of the composite. When comparing the results from both atmospheres, differences are clearly observed as from 400°C. Oxygen plays therefore a main role on the decomposition of the material.
To go further in the analysis, the intensity of the peaks corresponding to the main decomposition products of the composite under nitrogen (ε-caprolactam, COS, SO 2 , phenol, CH 4 , CO 2 and CO) are plotted as a function of temperature on Fig. 5 . It is noteworthy that these data may not be interpreted in a quantitative way and the profiles of peak height of different characteristic peaks are shown using a common scale (to make the comparison easier).
As shown in the previous part, an apparent step from around 300-650°C can be distinguished on the TG curve of the composite carried out under nitrogen. Fig. 5 shows that the gases released in three main peaks having their maxima at about 350°C, 500°C and 1050°C. The first peaks (maxima at about 350°C) correspond to the release of all the identified gases. The second maximum (about 500°C) corresponds to the main evolution of CH 4 and the third maxima (at about 1050°C) are due to the evolution of CO 2 and CO. It can thus be concluded that even under nitrogen atmosphere, three steps of decomposition occur for the T700/M21 composites while they were not detected on TG curves.
To conclude, these results evidence that the decomposition of T700/ M21 exhibits at least three steps of decomposition under nitrogen (one main step and two minor steps). Under oxidative atmosphere, three apparent steps occurs and can be attributed to the decomposition of M21 into carbonaceous residue and gaseous decomposition products, thermo-oxidation of this intermediate carbonaceous residue and of T700 occurs at higher temperature. A physical kinetic decomposition model can be thus developed.
Kinetic decomposition model
The numerical method based on single heating rate measurement cannot be used since the decomposition of T700/M21 is multi-step. TG measurements were carried out at different heating rates (5°C/min to 400°C/min from 50°C to 1000°C) to determine a decomposition kinetic model of T700/M21 (Fig. 6) . In case of a fire, the heating rate can widely vary. Indeed, as shown in previous studies [2, 3, 22] , the temperature at 1 mm from the exposed face at the beginning of the test sharply increases from ambient to 200°C in less than approximately 20 s (600°C/min), whereas during the steady state the temperature only slightly varies within the composite. Therefore, the effect of the heating rates on the kinetic parameters must be known over a wide range of conditions. It is noteworthy that only the kinetic decomposition model under nitrogen atmosphere was determined. The assumption is that the decomposition occurs under oxygen depletion when a material is submitted to fire [3, 22, 40] .
TG curves of the composite for various heating rate were compared on Fig. 6 . Different observation can be made. For all heating rates, the material seems exhibit only one main step of decomposition. However, the residual mass obtained at high temperature is slightly lower when Fig. 4 . Infrared spectra at 400, 600 and 900°C under nitrogen and air during TG measurement of T700/M21 at 20°C/min [2] . Fig. 5 . Intensity curves of ε-caprolactam, COS, SO 2 , phenol, CH 4 , CO 2 and CO evolved during the TG experiment of T700/M21 at heating rate of 20°C/min under nitrogen [2] . the heating rate is higher which suggests competitive reactions. It is reasonable to assume that the material is thermally thin when the heating rates are lower than 100°C/min (based on calculation of Biot number [2] ). Consequently, the kinetic parameters were determined using the TG curves from 5°C/min to 100°C/min.
To go further in the analysis, the method proposed by Moukhina [30] was followed to obtain the decomposition model i.e. kinetic parameters. The convenient approach is first to use a model-free analysis as a preliminary step of the kinetic analysis. A model-free analysis (Friedman analysis) provides the plot of the activation energy versus the fractional weight loss (Fig. 7a − E a as a function of the decomposition degree − this method requires to calculate an average activation energy for the entire thermal decomposition). It shows that the activation energy is not constant as a function of the decomposition degree and suggests thus a multi-step decomposition as supported by our previous conclusions from the gas phase analysis.
Using the Friedman method, the decomposition degree as a function of the invers of temperature is plotted (Fig. 7b) . It permits to compare the slope of the measured curves with the isoconversional lines (black). The experimental points exhibit a higher and similar slopes than the isoconversional lines. Therefore, those results allow identifying mainly an accelerating reaction and a normal reaction.
From the previous discussion, it makes sense to consider two competitive steps to have a model with a physical sense and supported by the experiments. For the accelerating reaction, an autocatalysis reaction is identified using TG-FTIR methods. Indeed, the formation and evolution of NH 3 , SO 2 and COS was noted when the gas phase was investigated in previous part. Those gases could play a role of catalysts by promoting the decomposition of T700/M21. Formation of acidic gases during the decomposition of the composite could accelerate the breakup of chains. For example, gases such as COS and SO 2 are used to separate the carbon fibre from the matrix in a composite recycling process [41] . Moreover, the release of NH 3 can create another catalytic effect such as ammonolysis reaction (uses ammonia to break down the chemical bonds of the epoxy matrix within fibre reinforced composites [42] ). These gases released from the epoxy decomposition promote the decomposition of the epoxy resin, which is in accordance with an autocatalytic reaction. So, an autocatalytic reaction was considered for the decomposition of T700/M21. For the normal reaction, it is generally admitted that an n th order reaction is considered for the decomposition of material. Finally, the final residues are higher at slow heating rate compared to those at high heating rate (Fig. 6 ) evidencing competitive reactions. Therefore, multiple reactions occur with at least one competitive reaction being an n th order reaction and an autocatalytic reaction. Taking into account all these considerations, Fig. 8 shows a comparison between the results obtained from the TG and DTG experiments and from the determined kinetic model (mass loss a) and mass loss rate b)). The kinetic model of each i steps is presented in Eq. (1-4) and the corresponding kinetic parameters are presented in Table 2 .
The main step of decomposition is an autocatalytic step with E a equal to 146.7 kJ/mol. This value is consistent with those reported in the literature for other epoxy resins. Indeed, the activation energy for the decomposition of DDS is reported to be equal to 142 +/− 15 kJ/ mol similar to that of the TGDDM/DDS (147 kJ/mol − 4,4′ tetra-glycidyl diamino diphenyl methane) [33] . According to Li et al. [35] the activation energy of a carbon fibre/epoxy and a carbon fibre/epoxy/ PES have values of about 120 kJ/mol. PES does not change significantly the activation energy when it is incorporated in an carbon fibre/epoxy composite. In addition, Rose has used the IKP (Invariant Kinetic Parameters) method to determine the parameters E a and A for the kinetic of decomposition of the TGDDM/DDS and found values of 125 kJ/mol [38] .
The values obtained for the main step of decomposition (step 2) are thus in agreement with the value previously reported in the literature for similar materials and close to the value reported for the DDS decomposition. About the step 1, it is reported that changes in blend structure in the DGEBA-blend modifies their thermal stability, and the activation energy of thermal degradation is in the range 48.3 − 84.5 kJ/mol [38, 43] . Hence, the PA6 seems to influence the activation energy. For this reason, the first activation energy (58.7 kJ/mol) of the step 1 is in the same range that its from literature and could be assigned to activation energy of M21 with the PA6 blends. 
and,
where
where t is the time, T is the temperature, ρ is the density of the material, α i is the decomposition degree, A i is the pre-exponential factor, E ai is the apparent energy of activation, n i is the reaction order, R is the universal gas constant, the subscripts 0 and e correspond to initial and final (end) respectively. Kinetic analysis permits to propose a model of decomposition supporting the decomposition mechanism determined in the previous part.
Conclusions
Thermal decomposition and kinetic analysis of an aeronautical epoxy reinforced carbon fibre composites were investigated. Components of the resin show an interaction in the condensed phase influencing the decomposition of the composite. The decomposition pathways were investigated in details considering the decomposition temperature of each component of the resin and determining, the released gases, and proposing a kinetic decomposition model.
Thermogravimetric measurements and the temperature-related release of decomposition gases of the carbon fibre/epoxy composite were studied by TG-FTIR method. It is shown that the thermal decomposition of the composite occurs in one main step (under inert atmosphere) or three steps (under oxidative atmosphere). The first common step corresponds to the decomposition of epoxy resins, PA6 and PES with the subsequent formation of an intermediate carbonaceous residue. This is able to create a char around T700 fibres. The second step observed under air atmosphere corresponds to the oxidation of this char whereas the last one attributed to the oxidation of T700 carbon fibre.
The main gaseous products released during the composite pyrolysis were identified. In our conditions, the main species released are H 2 O, degradation products of PA6, phenol, CH 4 , COS and CO.
Based on those results, a decomposition model was built up considering two main competitive reactions. The first one is an autocatalytic reaction and the second one, a classical n th -order reaction.
A comprehensive model was thus obtained using the coupling of TG-FTIR-Thermokinetics methods. It is shown that it is a powerful technique to determine the main mechanism of decomposition of composites including the kinetic decomposition model even if the chemical mechanism of degradation reaction is partially unknown. 
Table 2
Kinetic parameters determined for the decomposition of the T700/M21 composite.
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Step 2 Unit 
